Aim: To identify the factors that prevent patients in respiratory failure from using noninvasive positive pressure ventilation (NPPV). The following were evaluated: (i) the patients who converted from NPPV to endotracheal intubation; and (ii) the patients who abandoned NPPV. Methods: Patients were interviewed regarding their experience with NPPV. Next, the factors that prevented the continuation of NPPV were identified and those data were collected retrospectively from medical records. The participants included adult patients in intensive care who were undergoing NPPV. The data from the interviews of nine participants were analyzed by using content analysis. Data that were collected from the medical records of 126 participants contributed to the identification of the characteristics that affected the implementation of NPPV. The factors were entered into a model by using logistic regression and decision-tree analysis. Results: An interview content analysis revealed eight aspects of the patients' experiences. In the medical record analysis, the specific factors that were associated with the conversion to intubation were the Acute Physiology and Chronic Health Evaluation II scores, breathing becoming easier, arterial oxygen partial pressure to fractional inspired oxygen ratio, and realizing the necessity of NPPV. The factors that were associated with the abandonment of NPPV included sleep loss, delirium, discomfort, and the arterial oxygen partial pressure to fractional inspired oxygen ratio. Realizing the necessity of NPPV was not statistically significant. With regard to the decision-tree analysis, the factors that were selected were similar to those that were selected in the factor analysis. Conclusion: In the initial stage of NPPV, focusing on dyspnea, sleep loss, discomfort, delirium, and the realization of the necessity of NPPV were critical in deciding on continuing this intervention or the early conversion to intubation.
INTRODUCTION
Non-invasive positive pressure ventilation (NPPV), in which a mask is used to provide ventilatory support without endotracheal intubation or a tracheostomy, is a Marukawa, 2006) . In an international prospective observational cohort study, the use of NPPV prior to, or in order to mitigate the need for, mechanical ventilation increased from 4.4% in 1998 to 11.1% in 2004 (Esteban et al.) .
However, the use of NPPV has many emotional and physical problems, such as a sensation of pressure and discomfort that are caused by the mask and belt, making it difficult for patients to continue NPPV therapy (Demoule et al., 2006; Hill, Brennan, Garpestad, & Nava, 2007; Mehta & Hill, 2001) . In Japan, the most commonly used mask is the oronasal mask (69%), followed by the nasal mask (14%) and the total face mask (11%) (Fujino et al., 2006) . The oronasal mask is often found to be uncomfortable (Fujino et al.) . Thus, the continuation of NPPV use requires the patient's understanding and cooperation. There are also cases in which NPPV fails to yield a therapeutic effect, necessitating the conversion to endotracheal intubation (Antonelli et al., 2007; Carlucci, Delmastro, Rubini, Fracchia, & Nava, 2003; Confalonieri et al., 2005; Conti et al., 2002) . Thus, while NPPV has its advantages, many factors interfere with its continued use; therefore, nurses play an important role in the continuation of NPPV.
Nursing support is required in order to enable the continuation of NPPV for as long as possible, thus maximizing its benefits. However, a total of 8-40% of patients is converted, in acute care, from NPPV to endotracheal intubation (Carlucci et al., 2001; Confalonieri et al., 2005; Demoule et al., 2006; Ozsancak, Sidhom, Liesching, Howard, & Hill, 2011) . When such patients are converted to intubation after >48 h after the initiation of NPPV, the mortality rate increases by~10-fold (Azoulay et al., 2004) . Thus, it is necessary to carry out an assessment of the factors (e.g. the patient's perception of a sensation of dyspnea and of discomfort that is caused by the mask and belt) that predict the conversion from NPPV to endotracheal intubation, allowing physicians to carry out early intubation when necessary.
In a study that investigated the factors that contribut to NPPV failure (the conversion from NPPV to endotracheal intubation), Demoule et al. (2006) demonstrated the importance of good NPPV tolerance. Nursing care could be the key in encouraging patients to continue NPPV and to avoid refusal or abandonment (Lightowler, Wedzicha, Elliott, & Ram, 2003; Murata & Inoue, 2011) . However, of the multitude of factors that inhibit the continuation of NPPV, it is unclear which specific factor should be the object of focus and intervention in order to maintain and improve tolerance to prevent intubation. Therefore, nurses currently assess a wide variety of factors based on experiential judgment.
In many previous studies, patients who abandoned NPPV have been defined as "patients requiring intubation" (Confalonieri et al., 2005; Demoule et al., 2006) . However, no study has specifically examined the factors that influence NPPV continuation and conversion to mechanical ventilation. By examining such factors, nursing interventions can be designed in order to improve NPPV continuation and to support the early conversion to intubation when physiologically indicated. Furthermore, although care in the initial stage of NPPV has been didactically described as the most important aspect in continuing NPPV (Tsuneto et al., 2015) , no study has provided further support for this assertion.
Therefore, the objective of the present study was to identify the factors that inhibit and promote the continuation of NPPV during its initial stage in order to propose the necessary adaptations to nursing care in order to enable early intubation when necessary for those patients who are undergoing NPPV or to continue NPPV smoothly when intubation is not necessary.
METHODS

Research design
The factors that prevent the continuation of NPPV were abstracted with a sequential mixed-method study design. First, data were collected on the experiences of patients who were undergoing NPPV via interviews and the data were qualitatively analyzed. Thereafter, the novel factors that were important from the patients' perspective were identified. Next, using experiences from qualitative research results that were considered to constitute the factors that prevent NPPV continuation, data were collected retrospectively from medical records and were used in a quantitative analysis to identify the factors that inhibit NPPV continuation.
In this process, it was possible to demonstrate quantitatively the factors that included the patients' perceptions. Thus, a design was adopted that could yield results that would allow nurses to use the patient's perception more effectively and to confidently provide bedside care.
Participants and data collection
The interview study was carried out with patients who underwent NPPV for acute respiratory failure in the intensive care unit (ICU) of a Japanese university hospital with a total of 1075 beds (20 of which were in the ICU). All the patients who fulfilled the following criteria were selected to participate in the study: age of ≥20 years; diagnosed with acute respiratory failure, regardless of the disease; indicated for NPPV (initial treatment). Those patients with suspected cognitive impairment were excluded. The principal researcher conducted a face-to-face interview with each participant in a ward. As for the selection of the participants, consent was obtained from the patients who fulfilled the criteria before they left the ICU.
The data were collected by semistructured interviews from September the 1st, 2010 to November the 30th, 2010 (first term) and from March the 1st, 2013 to March the 31th, 2014 (second term) when the patients were undergoing NPPV and did not demonstrate dyspnea or a markedly decreased peripheral capillary oxygen saturation level in daily conversation. The participants were interviewed in the second term to confirm the findings from the first term's interview. In the interviews, the participants were asked: "Did you experience discomfort during NPPV?," "How did you handle your discomfort?," and "How did you find the motivation to continue using NPPV?" (Hill et al., 2007; Mehta & Hill, 2001; Murata & Inoue, 2011; Nava & Hill, 2009 ). These topics were used as a guide for the initial interview, which was developed by the principal researcher. New questions were added to the interview guide according to the ongoing data analysis. Each patient was interviewed in a private room in the hospital on a one-to-one basis. The interviews were audiorecorded and transcribed by the principal researcher, who was an expert in qualitative research. The principal researcher collected all the interview data. The participants were not asked for feedback on the research findings, on account of the amount of time that had lapsed between the data collection and the completion of the analysis.
Additionally, the medical records of the participants who had undergone NPPV for acute respiratory failure in the ICU of the above-mentioned hospital were examined where interviews had been conducted between October the 1st, 2009 and December the 12th, 2011. Patients were chosen who met the sampling criteria in a medical record review. The inclusion and exclusion criteria were identical to those for the interview study. The procedure for sampling the medical records (Philips Information Medical System [PIMS]; Tokyo, Japan) was as follows: (i) the participants were selected by using the search function of PIMS; (ii) the specified date (between October the 1st, 2009 and December the 12th, 2011) was entered; (iii) Then, the next criteria were entered: age of ≥20 years, diagnosed with acute respiratory failure, first-time user of NPPV, and an absence of cognitive impairment; and (iv) the collaborating researcher input similar conditions, separately, to check for errors. The following data items were collected: (i) patient characteristics, including the history of the present illness, medical history, age, sex, circumstances of hospitalization, and presence or absence of hearing or visual impairment; (ii) the participants' physical condition over time (for 12 h after NPPV initiation) after ICU entry and during hospitalization in the ICU, including the reasons for NPPV initiation; (iii) Acute Physiology and Chronic Health Evaluation (APACHE) II; (iv) maximum fraction of inspired oxygen; (v) mode of NPPV (continuous positive airway pressure [CPAP] ); (vi) maximum expiratory positive airway pressure; (vii) minimum pH; (viii) minimum arterial oxygen partial pressure to fractional inspired oxygen (P/F) ratio; (ix) maximum partial pressure of arterial carbon dioxide (PaCO 2 ); (x) the use of sedatives and a delirium assessment (Intensive Care Delirium Screening Checklist [ICDSC] ) (Bergeron, Dubois, Dumont, Dial, & Skrobik, 2001; Koga, Murata, & Yamase, 2014a) ; (xi) length of the ICU stay; (xii) NPPV duration; and (xiii) nursing records (used to search patients' experiences during NPPV, which were elucidated by the interview data analysis). The data collection procedure was as follows: (i) the data, including the nursing records, were collected by using the PIMS; (ii) the principal researcher collected the necessary data by using a data collection sheet; and (iii) the collaborating researcher assessed the collected data for input errors.
In addition, the participants were divided into two groups, based on two different definitions of NPPV failure: the participants who required intubation ("intubation group") and the participants who refused to continue NPPV and therefore abandoned it, without undergoing intubation ("NPPV abandonment group"). The intubation group was divided further into the participants who were converted to intubation chiefly for physical reasons ("forced conversion subgroup") and the participants who were converted to intubation chiefly due to a refusal to continue NPPV ("voluntary conversion subgroup"). The patients who were able to continue NPPV and comply with the therapeutic strategies were defined as a "success" and were included in the "success group." The participants were individually classified into these two subgroups, based on chronological nursing records, which contained detailed information, such as the therapeutic strategies, participants' speech and behavior, and judgments that had been made by the nurses; the classifications were finalized after the principal researcher and collaborating researcher established uniform classification standards. In the event of a disagreement, the researchers returned to the data in order to issue a final classification.
Ethical approval
Written consent was obtained from the participants who had enrolled in the interview study. For the medical record examination, the hospital was informed of this study by presenting a research implementation plan in writing; the absence of subsequent notification of a refusal to participate was interpreted as consent. The present study was approved in advance by the institutional review boards of the university and hospital where the study was conducted (Reference no: 22-035 6212).
Qualitative data analysis
The interview data were analyzed in a two-step process, from an individual analysis to an overall analysis, based on the content analysis method that had been proposed by Krippendorff (2012) . In the individual analysis, remarks made by the participants concerning their thoughts, motivation, or coping behaviors that were related to NPPV were abstracted from verbatim records of their speech and coded. In the overall analysis, the codes that had been obtained from all the participants were classified into the same viewpoint as in the individual analysis and were abstracted into subcategories and categories. The common categories were grouped and named abstractly; these groups were defined as "aspects." In order to ensure methodological integrity, the principal researcher analyzed all the qualitative data. Then, both the principal researcher and the second author had discussions about the selection of the codes, subcategories, categories, and the development of the aspects until an agreement was reached.
The medical record data, specifically the past chronological nursing records, were evaluated in order to determine the patients' experiences during NPPV, which were elucidated by an interview data analysis. The participants with data that contained information regarding these experiences were scored as "1," while the participants whose data did not contain such information were scored as "0" (this process is hereafter referred to as "flagging"). Flagging was conducted immediately after the NPPV fitting and every 2 h after fitting for 12 h. All the participants were flagged individually after the principal researcher and collaborating researcher established uniform assessment standards.
The uniform assessment standards were used to categorize the data for the content analysis. The procedure of applying uniform assessment standards was as follows. The participants with a nursing record that contained information regarding the categories were scored as "1." The common categories were grouped and named abstractly; these groups were defined as "aspects." Flagging also was conducted for the aspects. If there was flagging in the contents included in an aspect, the aspect was scored as "1." In addition, the principal researcher and collaborating researcher conducted flagging separately. Finally, a two-step verification was conducted. In the event of a disagreement, the researchers returned to the data to issue a final classification in consensus.
Quantitative data analysis
The intubation group, NPPV abandonment group, and success group were compared by using the χ 2 -test (or Fisher's exact test) and one-way ANOVA. The forced conversion subgroup and voluntary conversion subgroup were compared by using Fisher's exact test and the Mann-Whitney U-test. The factors for continuing NPPV were abstracted by using a binary logistic regression analysis with stepwise selection (conditional backward elimination). The following clinically useful items (including the timing of the observation) ultimately were selected and used as the independent variables: the items that were found to be significant in the between-group comparisons; oxygenation status (pH, P/F ratio, and PaCO 2 ), which have been indicated in past reports as independent risk factors for failure (Demoule et al., 2006; Fujino et al., 2006) ; clinical data (ICDSC score [for 12 h after NPPV initiation], and age); and flagged "aspects" data regarding the patients' experiences during NPPV that had been collected in the 12 h after initiation (i.e. the initial stage of NPPV). The dependent variables were: (i) the success group compared to the intubation group; and (ii) the success group compared to the NPPV abandonment group.
The variance inflation factor (VIF) was used to assess multicollinearity, with a VIF of ≥5 considered to signify multicollinearity. When multicollinearity was observed, one of the items was excluded as a variable. There was no multicollinearity among the variables. The goodnessof-fit of the model that was obtained from the binary logistic regression analysis was assessed by using the Hosmer-Lemeshow test and the area under the receiver operating characteristic curve. The presence of the interaction was confirmed by constructing a model that included the product of independent variables with potential interaction (interaction model); a P-value of <0.05 was considered to signify an interaction. In the event that the interaction was confirmed, it was elected to stratify the data for analysis.
Following the regression analysis, a decision-tree analysis (classification and regression tree [CART]) was carried out for the success group, compared to the intubation group, and the success group, compared to the NPPV abandonment group. In this decision-tree analysis, the maximum depth was 3-4, the minimum number of pre-analysis groups (parent nodes) was 3-4, and the minimum number of postanalysis groups (child nodes) was 2-3. The independent variables that were entered into the analysis were the same factors as selected in the logistic regression analysis.
The decision-tree analysis is a data-mining technique that expresses the factors that are related to a dependent variable in order of strength in the form of a tree. The technique is characterized by its easily visible display. In contrast, the interactions between the independent variables are difficult to grasp from logistic regression analysis results alone. Therefore, in the present study, it was decided to display the results by using both a decisiontree analysis and a logistic regression analysis.
All the statistical processing was carried out with IBM SPSS Statistics for Windows v. 23 (IBM Corporation, Armonk, NY, USA).
RESULTS
Interview data
A total of 12 participants fulfilled the inclusion criteria and they all consented to participate in the study. However, the physical condition of three of these participants worsened several days after providing consent; therefore, the number of participants that was interviewed was nine (first term: seven; second term: two). The interview group consisted of six men and three women, with an average age of 61.9 AE 14 years, an average duration of NPPV of 27.3 AE 19.8 h, and an average number of 9.8 AE 12.9 days that had elapsed from the withdrawal of NPPV until interviewing. The characteristics of these nine participants are shown in Table 1 .
The analysis produced a total of 36 codes, from which 26 subcategories and 24 categories were created; these then were consolidated into eight aspects (Table 2) . These findings can be summarized as follows. While undergoing NPPV, the participants constantly felt discomfort with the mask because the sensations of occlusion and pressure from the tightly fitted mask were painful. Discomfort also might have been felt owing to the pressure and flow volume. Sleep loss due to the discomfort and hallucinations during NPPV also were reported. Furthermore, when NPPV was introduced, the participants felt overwhelmed because they could not picture themselves wearing the mask. In contrast, after undergoing NPPV for some time, the participants realized that breathing gradually became easier; by feeling the need for NPPV due to respiratory discomfort after discontinuing NPPV, they realized the necessity of NPPV. It also was noted that nursing and physicians' support alleviated anxiety and discomfort.
For the aspect of self-directed measures for continuing NPPV, during the initial stage of NPPV initiation, while the participants assessed the situation on their own, they also needed to entrust themselves to the nurses when they were unable to assess the situation on their own and to alleviate respiratory pain by matching their breathing with NPPV. Additionally, when the participants were able to assess the situation on their own and became capable of dressing, undressing, eating, and drinking, their primary measure for continuing NPPV was alleviating discomfort by coordinating NPPV with their daily life. It also was learned that, as the participants accepted the difficult conditions of their treatment, their understanding of NPPV supported their will to use it.
Quantitative data analysis of the medical records
For the analysis of the medical records, the data from all 126 participants who fulfilled the criteria were analyzed (Fig. 1, Table 3 ). The nursing records of all 126 participants were flagged. The following experiences that had been demonstrated by qualitative research were focused on and flagged: "discomfort: sensations of pressure and occlusion," "discomfort: air pressure and flow volume," "breathing difficulty: breathing becomes easier," "sleep loss," and "realizing the necessity of NPPV." There were some disagreements between the principal researcher and the collaborating researcher. Therefore, the researchers returned to the data to produce a final classification. Many of the participants (96%) felt "discomfort: air pressure and flow volume" almost all the time. The researchers could not flag the following experiences that had been demonstrated by the qualitative research because they were not recorded in the nursing records: "Patients felt bewilderment," "Support alleviated anxiety and discomfort," and "Self-directed measures for continuing NPPV."
The modes of ventilation that were used were CPAP (66%), bilevel positive airway pressure (PAP) (25%), and bilevel PAP plus CPAP (9%). The types of masks that were used were a full face mask in 95% of cases and alternation between a full face mask and a helmet mask, nasal mask, and total face mask in 5% of cases. A total of 81.0% of the participants terminated NPPPV within 48 h. There was no disagreement in the classifications of NPPV failure. Table S1 shows the results of the examination for the success group, NPPV abandonment group, and intubation group. Significant differences were observed between groups for the following items: APACHE II, length of the ICU stay, P/F ratio immediately after initiation of NPPV, P/F ratio 3 h after initiation, incidence of delirium during NPPV, "breathing becoming easier," "discomfort with NPPV," and "sleep loss." The APACHE II findings were significantly different between the success group and the intubation group. The length of the ICU stay was significantly different between the success group and the intubation group and between the NPPV abandonment group and the intubation group. The P/F ratio immediately after initiation was significantly different between the NPPV abandonment group and the intubation group. Also, the P/F ratio 3 h after initiation was significantly different between the success group and the intubation group and between the NPPV abandonment group and the intubation group. No significant difference was observed in the pH or PaCO 2 at initiation or in terms of subsequent changes.
Sedation was given during NPPV in 36.5% of cases; in these cases, the most commonly used sedative was dexmedetomidine (24.6%). Sedative administration did not demonstrate a significant association with "discomfort with NPPV (sensation of pressure or occlusion)." The intubation group was divided further into a forced conversion subgroup and a voluntary conversion subgroup. Comparisons of the characteristics between these two subgroups revealed significant differences in NPPV duration and discomfort with NPPV. In addition, although the difference was not significant, the voluntary conversion subgroup had a higher number of elderly participants. This group also had no participant who demonstrated an improvement in dyspnea or realized the necessity of NPPV (Table S2 ).
Factor analysis in the success group and the intubation group
A binary logistic regression analysis was conducted by using the success group or intubation group as the dependent variable. The following items were entered first as the independent variables: "APACHE II," "NPPV duration," "pH immediately after initiation," "PaCO 2 immediately after initiation," "P/F ratio 3 h after initiation," "dexmedetomidine administration (for 12 h after NPPV initiation)," "ICDSC score (12 h after initiating NPPV)," "age," "discomfort with NPPV: sensation of pressure and occlusion (6 h after initiating NPPV)," "discomfort: air pressure and flow volume (6 h after initiating NPPV)," "breathing becomes easier (6 h after initiating NPPV)," "sleep loss (12 h after initiating NPPV)," "realizing the necessity of NPPV (6 h after initiating NPPV)," and "realizing the necessity of NPPV (12 h after initiating NPPV)." The results are shown in Table 4 and Figure S1 . The model that is shown in Table 4 had an excellent fit and diagnostic accuracy. In addition, no interaction was found among the independent variables. The qualitative research results demonstrated the potential involvement of "realizing the necessity of NPPV," but ultimately it was not significant at the 5% level. In regard to "breathing becomes easier (6 h after initiating NPPV)," a comparison of the changes in the P/F ratio (P/F ratio 6 h after initiation -P/F ratio immediately after initiation) between the participants who reported that breathing became easier (64.78 AE 42.70) and the participants who did not report that breathing became easier (37.64 AE 61.42) yielded a result of t (95) = −2.375, P = 0.02. Thus, the participants who reported that breathing became easier demonstrated a significantly larger increase in the P/F ratio. Figure S2 shows the decision-tree that was created with the CART analysis. In the interrelationships among the factors, the following three characteristics were observed: (i) all the participants with a P/F ratio of ≤107 at 3 h after initiation were in the intubation group; (ii) the number of participants with a P/F ratio of ≥120 at 3 h after initiation and for whom breathing did not become easier tended to be higher in the intubation group; and (iii) all the participants with a P/F ratio of 107-120 at 3 h after initiation and who did not realize the necessity of NPPV were in the intubation group. In summary, the important factors were easier breathing (6 h after initiating NPPV), the P/F ratio 3 h after initiation, and realizing the necessity of NPPV (12 h after initiating NPPV).
Factor analysis in the success group and the non-invasive positive pressure ventilation abandonment group A binary logistic regression analysis was conducted by using the success group or NPPV abandonment group as the dependent variable. The independent variables that were entered into the analysis were the same factors that were selected in the factor analysis for the success group and the intubation group. The results are shown in Table 5 and Figure S3 . The model that is shown in Table 5 had an excellent fit and diagnostic accuracy. In addition, no interaction was found among the independent variables. In addition, the qualitative research results demonstrated the potential involvement of "realizing the necessity of NPPV," but ultimately it was not significant at the 5% level. Figure S4 shows the decision-tree that was created with the CART analysis. In the interrelationships among the factors, the following three characteristics were observed. First, all the participants with an ICDSC score of ≥5 (i.e. all the participants who experienced delirium) were in the NPPV abandonment group. (In the ICDSC, participants with a score of 3-5 are assessed as delirious.) Second, the number of participants with an ICDSC score of ≤4 and who complained of sleep loss tended to be higher in the abandonment group. Of these participants, those with a P/F ratio of ≥192 at 3 h after initiation all were in the NPPV abandonment group, while the number of participants with a P/F ratio of ≤192 at 3 h after initiation and who did not realize the necessity of NPPV tended to be higher in the NPPV abandonment group. Third, the number of participants in the NPPV abandonment group with an ICDSC score of ≤4 and who did not complain of sleep loss was relatively low. However, of these participants, the number of participants with a P/F ratio of ≥330 at 3 h after initiation tended to be higher in the NPPV abandonment group. In summary, the particularly important factors were the ICDSC score (12 h after initiating NPPV), sleep loss (12 h after initiating NPPV), the P/F ratio 3 h after initiation, the realization of the need for NPPV (12 h after initiating NPPV), and "discomfort with NPPV: sensation of pressure and occlusion" (6 h after initiating NPPV).
DISCUSSION
In the present study it was possible to identify the factors, including patients' perception, in the initial stage of NPPV initiation that caused the patients to convert to intubation or to abandon NPPV. The specific factors that were associated with the conversion from NPPV to intubation were APACHE II, dyspnea, the P/F ratio 3 h after the initiation of NPPV, and realizing the necessity of NPPV. It also was found that sleep loss, the ICDSC score, discomfort with NPPV (sensation of pressure and occlusion), the P/F ratio 3 h after initiation, and realizing the necessity of NPPV were associated with NPPV abandonment. With regard to the decision-tree analysis, it was found that the factors that had been selected were mostly the same as those that had been selected in the logistic regression analysis, despite the different analytical techniques. This is thought to be related to the excellent classification capacity resulting from the fact that the selected factors were more strongly associated with those patients who converted to intubation or abandonment than the other factors. The two forms of quantitative analysis also yielded some inconsistent results. In the analysis of NPPV to intubation, APACHE II was significant in the factor analysis but not in the decision-tree. In addition, "realizing the necessity of NPPV" was an effective factor for classification in the decision-tree, but not in the factor analysis. In the analysis of NPPV to abandonment, "realizing the necessity of NPPV" was an effective factor for classification in the decision-tree, but not in the factor analysis. This could be because the relationship and classification could not be captured by using the quantitative method that was used in this study. However, both APACHE II and "realizing the necessity of NPPV" will be clinically useful factors.
Characteristics of the patients who converted to intubation
Those patients with higher scores of severity on measures, such as APACHE II, were more likely to convert to intubation in previous studies (Antonelli et al., 2007; Confalonieri et al., 2005; Demoule et al., 2006; Ferreira, Medeiros, Rego, & Caruso, 2015) , which is consistent with the current findings.
Moreover, the logistic regression analysis showed that those patients for whom NPPV made breathing easier tended to avoid intubation. An improvement in dyspnea, which is the objective of NPPV (Mehta & Hill, 2001) , is used to assess the effectiveness of NPPV. However, the "presence or absence of an improvement in dyspnea" had not been specifically demonstrated in any previous report as an independent factor in the conversion to intubation. In the present study, when the patients claimed that breathing became easier, the P/F ratio was significantly higher than that immediately after initiating NPPV; therefore, "breathing becomes easier" might be a reliable factor. In addition, the presence or absence of dyspnea is a cost-free indicator that can be assessed at the patient's bedside in a timely manner. Therefore, nurses should use the presence or absence of dyspnea more proactively as an assessment indicator. However, it is also important for nurses to use a visual analog scale (Gift, 1989 ) and a numeric rating scale (Gift & Narsavage, 1998) to objectively and chronologically evaluate the patient's perception (Mularski et al., 2006) . In addition, if dyspnea does not improve, nurses should examine whether conversion to endotracheal intubation might be appropriate.
In regard to the P/F ratio at 3 h after initiation, the absence of improvement in the P/F ratio at~2 h after initiation is thought to be associated with a high likelihood of conversion to intubation (Kikuchi et al., 2011; Nava & Hill, 2009) , thus supporting the timing of measuring the P/F ratio as an assessment indicator, such as 3 h after initiation. In addition, a blood gas analysis must be carried out at~0.5 h (meaning "the P/F ratio immediately after initiation") and at~3 h after initiating NPPV (Tsuneto et al., 2015) ; thus, the use of the P/F ratio at 3 h after initiation as an assessment indicator would be feasible in current clinical practice.
Additionally, those patients who realized the necessity of NPPV tended to avoid intubation and the abandonment of NPPV. Based on the results that were shown by the interview data, realizing the necessity of NPPV was the foundation of promoting self-directed measures for continuing NPPV; consequently, nursing care that promotes the patient's realization of the necessity of NPPV is an important factor in continuing NPPV. This could be achieved by emphasizing the importance of NPPV if dyspnea occurs at all after temporarily removing NPPV due to coughing or the expulsion of phlegm. Moreover, promoting the realization of the necessity of NPPV supports self-directed measures for continuing NPPV and leads to the maintenance and improvement of NPPV tolerance.
In the decision-tree analysis, when the P/F ratio does not increase beyond~110 conversions, endotracheal intubation must be considered as soon as possible. Additionally, when the P/F ratio is maintained at ≥110 in the initial reassessment, the patient's respiratory status should be examined in order to determine whether conversion to endotracheal intubation would be preferable for those patients who demonstrate no improvement in dyspnea and those patients who do not realize the necessity of NPPV (Pinsky, 2005) . However, the most important point in nursing is to recommend endotracheal intubation as soon as possible to patients undergoing NPPV who should be converted to intubation.
Characteristics of the patients who abandoned non-invasive positive pressure ventilation Interestingly, sleep loss was associated strongly with NPPV abandonment. In an electroencephalography study of patients undergoing NPPV (Campo et al., 2010) , the NPPV failure group slept for an average of 1.7 h per night, compared to 3.1 h for the NPPV success group; thus, sleep duration was significantly shorter in the NPPV failure group, thereby supporting the results of the present study. Additionally, in the decision-tree analysis, those patients who experienced sleep loss were highly likely to abandon NPPV; thus, nursing care that promotes sleep is critical. Notably, nursing care to promote an improved sleep status first requires grasping the patient's subjective sense of sleep, which can be carried out objectively by using the Richards-Campbell Sleep Questionnaire (Richards, O'Sullivan, & Phillips, 2000) , a simple visual analog scale survey. In addition, based on this study's interview results, discomfort with the mask, air pressure, or flow volume affected sleep loss. The mean level of noise during NPPV is 60-70 dB (Cavaliere et al., 2004; Yoder, Staisiunas, Meltzer, Knutson, & Arora, 2012) . However, the World Health Organization recommends that noise levels should not exceed 30-40 dB (Berglund, Lindvall, & Schwela, 1999) , thus indicating room for improvement. The use of earplugs (Scotto, McClusky, Spillan, & Kimmel, 2009; Van Rompaey, Elseviers, Van Drom, Fromont, & Jorens, 2012) , a relatively low-cost contributor to sound sleep, might promote favorable sleep for patients undergoing NPPV. However, effort is necessary to reduce air leaks as much as possible. Furthermore, nurses could help patients by improving their understanding of NPPV and conduct interface rotation while observing their respiratory state.
Higher ICDSC scores also were associated strongly with NPPV abandonment. In the ICDSC, patients with a score of 3-5 are assessed as delirious (Bergeron et al., 2001; Koga et al., 2014a) . Thus, patients in more severe delirious states are considered to be less cooperative with NPPV and more likely to abandon it. This is consistent with a study that showed that the pooled risk ratio of NPPV failure in delirious patients is 2.12 (95% confidence interval: 1.41-3.18) (Charlesworth, Elliott, & Holmes, 2012) , which supports the results of the present study. In the decision-tree analysis, those patients who exhibited delirium in the initial period of NPPV were highly likely to abandon NPPV. Therefore, striving for the prevention or curtailment of delirium is a key point in preventing NPPV abandonment. The recommended methods for preventing delirium in the ICU include early ambulation and environmental regulation (Barr et al., 2013) . Although the prevention of delirium also depends on the individual patient's condition, early ambulation is much easier in patients who are undergoing NPPV than in those who are undergoing endotracheal intubation. Environmental regulation strategies during NPPV include the regulation of lighting, reduction of air leak noise, use of earplugs, and interface rotation, which could reduce a dry mouth and the sensation of occlusion and pressure, thereby decreasing discomfort.
In the decision-tree analysis, a high percentage of the patients with a relatively well-maintained P/F ratio (≥190 and ≥330) at 3 h after initiation abandoned NPPV. One factor in this is that a P/F ratio of <200 is a criterion for initiating NPPV (Nava & Hill, 2009 ); when NPPV is carried out with a P/F ratio of ≥200, it is used for the improvement of dyspnea, which might raise doubts concerning the necessity of NPPV. In such cases, it is important for nurses to explain why NPPV is being carried out (for example, "to reduce your difficulty with breathing") in order to promote the patient's understanding and agreement, while observing the patient's condition and assessing whether the patient realizes the necessity of NPPV.
Lastly, one of the major findings of this study was that discomfort with NPPV (sensation of pressure and occlusion) was associated with NPPV abandonment. Although this finding seems obvious in clinical practice, no previous study had specifically demonstrated an association between discomfort with NPPV and NPPV abandonment. As a factor that affects discomfort, it is particularly important when initiating NPPV to match the timing of NPPV to the patient's breathing and consciousness and to explain the necessity of NPPV. In addition, based on this study's interview results, care should be taken to avoid tightening the strap of the mask excessively. Therefore, the mask should be fitted with only the minimum necessary fixation, while determining the volume of leaked air (≤60 L/min). In order to be able to select a mask that fits the patient, multiple types of masks should be prepared at all times (Tsuneto et al., 2015) . It also is useful to conduct interface rotation, as appropriate, while observing the patient's respiratory state and to consider (along with physicians) the use of dexmedetomidine (Barr et al., 2013; Pasin et al., 2014; Taenaka et al., 2007) , which reduces respiratory depression and has antidelirium effects.
Examination of the nursing care of patients who are undergoing non-invasive positive pressure ventilation for acute respiratory failure Importantly, the factors that prevented the continuation of NPPV, as identified in the present study, should not be used in isolation; rather, their integrated use is believed to lead to more effective nursing care (Fig. 2) (Barr et al., 2013; Koga et al., 2014b; Pinsky, 2005) . From the results of this study, when conversion to intubation is necessary, several factors, as identified herein, could help in the decision-making process regarding an early conversion, potentially decreasing the death rates that are associated with intubation. Moreover, when intubation is not necessary, several adaptations to nursing strategies, as presented herein, might enable the continuation of NPPV without abandonment.
Limitations of the study
First, many of the participants were interviewed long after NPPV was discontinued. Therefore, they might not have remembered all of their experiences with NPPV. Second, there was no significant difference in the pH or PaCO 2 immediately after NPPV introduction or at any subsequent point. This could have been related to the small number of participants. Only seven patients underwent NPPV due to the acute exacerbation of COPD; of these, only one converted to intubation and only one abandoned NPPV. Thus, further prospective examinations with more data are necessary. Additionally, a prospective cohort study with a validation of the assessment factors (with a cut-off point) must be conducted in the future. These findings will need to be validated in a prospective study and intervention trial in the future. Several significant prognostic variables, such as sleep loss or discomfort, had large confidence intervals. Therefore, it is necessary to validate the factors that were identified herein in a large-scale study. Figure 2 Factors that inhibited the continuation of non-invasive positive pressure ventilation (NPPV) and nursing support for patients (for 12 h after NPPV initiation). CAM/ICU, confusion assessment method for the intensive care unit; ICDSC, Intensive Care Delirium Screening Checklist; NRS, numeric rating scale; P/F ratio, arterial oxygen partial pressure to fractional inspired oxygen ratio; RCSQ, Richards-Campbell Sleep Questionnaire; s/p, suspect; VAS, visual analog scale.
